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Background: Weaning off the ventilator and removal of the endotracheal tube requires appropriate
timing and supportive care in order to avoid reintubation. In this study, the incidence, outcome, and
factors predictive of failed extubation (reintubation within 48 hours), as well as the associated mortality
in critically ill patients on mechanical ventilation in the adult intensive care unit (ICU), were studied.
Methods: The medical records of all patients who experienced planned extubation in the ICUs of Chi-Mei
Medical Center in 2008 were reviewed. The primary endpoints were factors predicting failed extubation
and mortality. The secondary endpoint was the outcome of failed extubation.
Results: Among the 1794 patients experiencing planned extubation, 167 patients (9.3%) required rein-
tubation within 48 hours. The overall mortality rate was 8.1%. Using multivariate analyses, the factors
predicting failed extubation were age 65 years and medical patients. The predictors of mortality
included age 65 years, higher Acute Physiology and Chronic Health Evaluation II scores, and failed
extubation. The patients with failed extubation had signiﬁcantly longer ICU and hospital stays (15.2 vs.
6.6 days, and 40.3 vs. 24.0 days, respectively), increased incidence of tracheostomy (21.6% vs. 1.5%),
a higher hospital mortality (45.5% vs. 4.2%), and higher hospital costs (52.3 vs. 30.4 104 New Taiwan
dollars) when compared with patients who had successful extubation.
Conclusion: Our study indicated that patients with failed extubation experienced signiﬁcantly increased
admission expenditure, increased tracheostomy rate, and higher hospital mortality. Advanced age should
be considered an important risk factor for failed extubation and overall mortality when planning
extubation in critically ill ICU patients.
Copyright  2011, Taiwan Society of Geriatric Emergency & Critical Care Medicine. Published by Elsevier
Taiwan LLC. All rights reserved.1. Introduction
In the care of critically ill patients, mechanical ventilation offers
essential support during recovery from acute respiratory failure.
Weaning off the ventilator and removal of the endotracheal tube
can account for as much as 40% of a patient’s total time on
mechanical ventilation1. Ventilator-associated pneumonia, lung
injury, airway trauma, and death are accepted complications of
invasive mechanical ventilation, and the risks increase with
increased duration of ventilator dependence2,3. The need forterest.
artment of Intensive Care
oad, Yang Kang City, Tainan
. Chen).
iwan Society of Geriatric Emergenreintubation within 24e72 hours of planned extubation is not an
uncommon event and occurs in up to 25% of extubated patients.
Identiﬁcation of those patients at risk for failed extubation is of
great importance due to the association with prolonged intensive
care unit (ICU) stays, an increased incidence of tracheostomy, and
a higher mortality rate4e6.
A delicate balance exists between managing the risk of delaying
extubation and extubating prematurely; both may lead to signiﬁ-
cantly poor outcomes. Strategies to more accurately predict and
prevent post-extubation respiratory failure are greatly desired. Risk
factors for extubation failure include being amedical patient4, older
age4,7,8, a longer duration of ventilator support4, and higher Acute
Physiology and Chronic Health Evaluation (APACHE) II scores8,9 at
the time of extubation. Multiple weaning parameters, including
maximal inspiratory pressure (MIP), maximal expiratory pressure
(MEP), minute ventilation (MV), tidal volume (TV), and rapidcy & Critical Care Medicine. Published by Elsevier Taiwan LLC. All rights reserved.
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(RR)/TV], have been investigated as possible predictors of extuba-
tion outcome, but an evidence-based review concludes that these
indices have only limited utility10.
In most developed countries, the elderly population continues
to increase and is becoming a larger percentage of the overall
population. Since 1993, Taiwan has been designated an “aging
country,” with >7% of its population over 65 years due to advances
in public health and medicine11. The elderly are admitted more
frequently to the ICU, and advanced age is a known risk factor for
ICU mortality12,13.
The purpose of this study was to investigate the incidence,
outcome, and factors predictive of failed extubation (reintubation
within 48 hours), as well as the associated mortality rate, in
patients on mechanical ventilation in the adult ICUs of a medical
center. The impact of advanced age on the aforementioned factors
was also analyzed.
2. Materials and methods
2.1. Study design and patient selection
A retrospective review of the medical records of all adult
patients on mechanical ventilation with an endotracheal tube
admitted to the ICUs of Chi-Mei Medical Center in Taiwan in 2008
was performed. There were 92 beds distributed among eight ICUs,
accepting patients >18 years of age. The ICU staff included in-
charge intensivists, respiratory therapists, clinical nurse special-
ists, clinical dietitians, clinical pharmacists, and residents, who
provided 24-hour coverage. Patients were excluded if they required
ventilation for <24 hours, proceeded to a tracheostomy without an
extubation attempt, died without being extubated, or were acci-
dentally or self-extubated. Overall, 1794 patients experiencing
planned extubation were included in our study.Table 1
Comparison of parameters between failed and successful extubation.
Items All (n¼ 1794)
Age, y 61.3 16.9 (18e96)
Age 65 311 (57.7%)
Gender
Female 637 (35.5%)
Male 1157 (64.5%)
APACHE II score 12.8 7.6 (2e43)
TISS 27.1 8.7 (4e59)
Glasgow Coma Scale 12.3 3.5 (3e15)
Endotracheal tube
Oral 1699 (94.7%)
Nasal 95 (5.3%)
Intubation days before extubation 6.2 6.6 (1e52)
Cause of respiratory failure
Cardiac 415 (23.1%)
Pulmonary 345 (19.2%)
Neurologic 462 (25.8%)
Gastrointestinal or hepatic 230 (12.8%)
Renal 92 (5.1%)
Others 250 (13.9%)
ICU location
Medical 636 (35.5%)
Surgical 1158 (64.5%)
Respiratory rate 20.7 6.0 (3e44)
Minute ventilation (L/minute) 8.7 4.4 (1.5e20.1)
Tidal volume (mL) 435.2 172.2 (122.2e1366.7)
Rapid shallow breath index 56.2 29.4 (5.8e209.8)
MIP (cmH2O) 36.5 22.0 (10e100)
MEP (cmH2O) 57.7 31.1 (10e160)
Data are presented as mean SD (range) or n (%).
APACHE¼Acute Physiology and Chronic Health Evaluation; MEP¼maximal expiratory pr
system.Each patient was assessed for readiness for extubation using the
following criteria: hemodynamic stability and recovery from the
precipitating illness; and respiratory criteria consisting of an arte-
rial blood gas (ABG) with pH >7.30, PaO2 > 60 mmHg, MV <15 L/
minute, fraction of inspired oxygen (FiO2) <60%, positive end-
expiratory pressure (PEEP) 10 cmH2O, PaO2/FiO2 200, and
RSBI <120 (continuous positive airway pressure mode with PEEP
5 cmH2O for >1 minute). Patients were evaluated with these
criteria on a daily basis by respiratory therapists. The decision to
extubate was achieved by acute weaning and extubation protocol
(Appendix 1) or by the intensivists. Most patients experienced
a T-piece trial if the endotracheal size was 7.0 mm. The 0.5- to
2-hour T-piece trial would be terminated if a patient had any of the
following signs of poor tolerance: RR>35, or<5 breaths/minute, or
an increase or decrease >20% from baseline; a peripheral oxygen
saturation (SpO2) <95% or <90% in chronic hypercapnia; heart rate
>130 beats/minute, or a sustained increase or decrease in heart rate
>20% from baseline; systolic blood pressure <90 or >180 mmHg;
paradoxical breathing, or use of accessory muscles or signs of poor
tolerance at any time. If poor tolerance was noted at any time
during the trial, mechanical ventilation was reinstituted. The
physician also considered delayed extubation if there was signiﬁ-
cant sputum, vocal cord swelling, or other unstable conditions
present. Patients with none of these features at the end of the trial
were immediately extubated.
After extubation, supplemental oxygen was provided by face
mask or noninvasive ventilation as bilevel positive airway pressure
whenever appropriate. Successful extubation occurred if reintu-
bationwas not required within 48 hours of extubation. For patients
requiring reintubation within 48 hours (failed extubation), the
reasons for reintubation included excessive secretions, acute
respiratory distress with stridor, oxygenation failure, encephalop-
athy, and hemodynamic instability. In all cases, the decision to
reintubate was made by the intensivists.Failed (n¼ 167) Successful (n¼ 1627) p
68.3 15.5 60.6 16.8 <0.001
114 (68.3%) 757 (46.5%) <0.001
0.191
67 (40.1%) 570 (35.0%)
100 (59.9%) 1057 (65.0%)
16.0 7.2 12.4 7.6 <0.001
28.0 15.7 27.0 7.6 0.441
11.0 3.6 12.4 3.4 <0.001
0.079
163 (97.6%) 1536 (94.4%)
4 (2.4%) 91 (5.6%)
9.2 7.4 5.8 6.4 <0.001
38 (22.8%) 377 (23.2%) 0.903
45 (26.9%) 300 (18.4%) 0.010
32 (19.2%) 430 (26.4%) 0.041
20 (12.0%) 210 (12.9%) 0.732
10 (6.0%) 82 (5.0%) 0.597
22 (13.2%) 228 (14.0%) 0.765
<0.001
103 (61.7%) 533 (32.8%)
64 (38.5%) 1094 (67.2%)
20.3 4.9 20.7 6.2 0.550
8.3 2.3 8.7 4.5 0.442
417.4 106.6 437.0 117.4 0.219
53.7 24.8 56.5 29.9 0.491
37.6 16.9 36.4 22.5 0.631
57.9 27.9 57.7 31.5 0.968
essure; MIP¼maximal inspiratory pressure; TISS¼ therapeutic intervention scoring
Table 2
The comparison of parameters between nonsurvival and survival.
Items Nonsurvival
(n¼ 145)
Survival
(n¼ 1649)
p
Age, y 70.5 14.5 60.5 16.8 <0.001
Age 65 108 (74.5%) 763 (46.3%) <0.001
Gender 0.123
Female 60 (41.4%) 577 (35.0%)
Male 85 (58.6%) 1072 (65.0%)
APACHE II score 17.3 7.7 12.3 7.5 <0.001
TISS 26.2 8.4 27.2 8.7 0.204
Glasgow Coma Scale 11.4 3.6 12.4 3.5 0.01
Endotracheal tube 0.070
Oral 142 (97.9%) 1557 (94.4%)
Nasal 3 (2.1%) 92 (5.6%)
Intubation days before extubation 9.2 7.4 5.8 6.4 <0.001
Cause of respiratory failure
Cardiac 31 (21.4%) 384 (23.3%) 0.602
Pulmonary 37 (25.5%) 308 (18.7% 0.045
Neurologic 21 (14.5%) 441 (26.7%) <0.001
Gastrointestinal or hepatic 26 (17.9%) 204 (12.4%) 0.055
Renal 9 (6.2%) 83 (5.0%) 0.539
Others 21 (14.5%) 229 (13.9%) 0.843
ICU location <0.001
Medical 91 (62.8%) 545 (33.1%)
Surgical 54 (37.2%) 1104 (66.9%)
Extubation status <0.001
Successful 69 (47.6%) 1558 (94.5%)
Failed 76 (52.4%) 91 (5.5%)
Respiratory rate 20.9 5.3 20.7 6.1 0.822
Minute ventilation (L/minute) 8.6 2.4 8.7 4.5 0.900
Tidal volume (mL) 424.3 114.5 436.1 176.5 0.501
Rapid shallow breath index 54.7 25.9 56.4 29.7 0.704
MIP (cmH2O) 33.2 13.3 36.8 22.6 0.252
MEP (cmH2O) 53.7 27.8 58.1 31.4 0.330
Intubation days before extubation 9.7 7.6 5.8 6.4 <0.001
ICU duration 13.9 12.6 6.8 7.6 <0.001
Hospital duration 38.7 29.8 24.4 22.7 0.023
Cost (10,000 NTD) 58.9 50.2 30.0 26.4 <0.001
Data are presented as mean SD (range) or n (%).
MEP¼maximal expiratory pressure; MIP¼maximal inspiratory pressure;
NTD¼New Taiwan dollars; TISS¼ therapeutic intervention scoring system.
Table 3
Causes of reintubation (n¼ 167).
Excessive secretions 14 (3.5%)
Upper airway obstruction 17 (10.2%)
Oxygenation failure 101 (60.5%)
Encephalopathy 16 (9.6%)
Hemodynamic instability 19 (11.4%)
A.-C. Cheng et al.2082.2. Measurements
The following data were collected: (1) demographic and clinical
variables, including age (elderly group, age 65 years, and younger
group, <65 years), gender, type of endotracheal tube (oral or
nasal), cause of respiratory failure (cardiac, pulmonary, neurologic,
gastrointestinal, hepatic, renal, and others, as described in
Appendix 2), cause of reintubation (excessive secretion, upper
airway obstruction, encephalopathy, oxygenation failure, and
hemodynamic instability), intubation days before extubation, and
ICU type (medical or surgical); (2) severity of the patient’s condi-
tion calculated by clinical nurse specialists on ICU admission,
including APACHE II score, therapeutic intervention scoring system,
and Glasgow Coma Score (GCS); GCS was calculated as 15 if an
intubated patient was conscious and thought able to talk after
extubation; (3) data before extubation, such as RR, ventilator
settings (including PEEP, TV, and MV), RSBI, MIP, and MEP; (4)
outcomes, including length of ICU and hospital stays, total hospital
costs, and mortality rate. The primary endpoint was factors
predictive of failed extubation and mortality, with a focus on the
elderly group. The second endpoint was the outcome following
extubation failure, as measured by the duration of mechanical
ventilation, length of ICU and hospital stays, the incidence of
tracheostomy, the overall costs, and mortality rate.
2.3. Statistical analyses
Mean values, standard deviations, and group sizes were used to
summarize the results for continuous variables. The differences
between failed and successful extubations were examined ﬁrst by
univariate analysis with a Student t test and a chi-square test. A p
value <0.05 was considered statistically signiﬁcant. Predetermined
variables, or those signiﬁcantly associated with failed extubation in
univariate analysis (p< 0.05), were tested for interaction with
multiple logistic regression analysis. Odds ratios (OR) and 95%
conﬁdence intervals were calculated. Statistical analysis of the data
was done using SPSS 13.0 forWindows (SPSS, Inc., Chicago, IL, USA).
3. Results
There were 3160 consecutive patients intubated via endotra-
cheal tube, and 1794 patients experienced planned extubation. A
total of 167 patients required reintubation within 48 hours, rep-
resenting a failed extubation rate of 9.3%. The hospital mortality
rate was 8.1% (145/1794). Many factors predicted failed extubation
including age (especially65 years), higher APACHE II scores, lower
GCS, longer intubation times, pulmonary or neurologic causes of
respiratory failure, and medical ICU origin, under univariate
analyses.
The latest data before extubation, including RR, PEEP, TV, MV,
RSBI, MIP, and MEP, displayed similarity among successful and
failed extubation. By univariate analyses, the factors predictive of
hospital mortality were the same as those inﬂuencing failed extu-
bation. Furthermore, failed extubation itself contributed to hospital
mortality. The comparison of parameters between failed and
successful extubation (Table 1) and between nonsurvival and
survival (Table 2) were analyzed. The causes for reintubation are
expressed in Table 3. Oxygenation failure was the most common
(60.5%), followed by unstable hemodynamic instability (11.4%),
upper airway obstruction (10.2%), encephalopathy (9.6%), and
excessive secretions (3.5%).
Using multivariate analyses, the factors which predicted failed
extubation were age 65 years (OR 2.161; p< 0.001) and medical
patients (OR 1.958; p< 0.01). The predictors of hospital mortality
were ageS65 years (OR 1.718; p¼ 0.026), higher APACHE II scores(OR 1.065; p< 0.001), and failed extubation (OR 14.492; p< 0.001)
(Tables 4 and 5). The patients with extubation failure had signiﬁ-
cantly longer ICU and hospital stays (15.2 vs. 6.6 days, and 40.3 vs.
24.0 days, respectively; both p< 0.001), increased need for
tracheostomy (21.6% vs.1.5%; p< 0.001), a higher mortality rate
(45.5% vs. 4.2%; p< 0.001), and higher hospital costs (52.3 vs.
30.4104 New Taiwan dollars; p< 0.001) compared with those
experiencing successful extubation (Table 6).
4. Discussion
Our study revealed a reintubation rate of 9.3% in patients with
planned extubation, a number comparable with those previously
published in the literature from the general medical and surgical
intensive care populations4e6. Failed extubation had an adverse
impact on clinical outcomes in patients recovering from acute
respiratory failure. Reintubation increased ICU and hospital length
of stay, as well as the need for tracheostomy and total hospital costs.
Table 5
Predictors of hospital mortality, using multivariate analyses.
Item Odds ratio 95% CI p
Age 65 1.718 1.067e2.768 0.026
APACHE II score 1.065 1.036e1.095 <0.001
Failed extubation 14.492 9.346e22.727 <0.001
CI¼ conﬁdence interval.
Table 4
Predictors of failed extubation, using multivariate analyses.
Odds ratio 95% CI p
Age 65 y 2.161 1.437e3.250 <0.001
Medical origin 2.611 1.776e3.831 <0.001
CI¼ conﬁdence interval.
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failure prolonged ICU stay by 17 days after initial extubation, which
is 9 days more than that identiﬁed in our study; furthermore, they
reported a hospital mortality rate of 43%, and an increased hospital
stay of 14 days in cases of failed extubation. The need for trache-
ostomy increased in those patients failing extubation compared to
patients not experiencing reintubation (18% vs. 4%)8, which was
comparable with our data (21.6% vs.1.5%), but higher than the
results reported by Seymour et al5 (11.7% vs.7.5%).
Some investigators identiﬁed the risk factors for extubation
failure: being a medical patient4, older age4,7,8, a longer duration of
ventilator use before extubation4, and higher APACHE II scores at
the time of extubation9. Our study identiﬁed older age and being
a medical patient with a higher prevalence of extubation failure
after multivariate analyses. The effect of older age on failed extu-
bation has been discussed inmany studies4,7e9. Ferrer et al9 deﬁned
patients 65 years at high risk for extubation failure, and Frutos-
Vivar et al7 found patients who required reintubation older than
those experiencing successful weaning (60 vs. 55 years), which was
similar to the ﬁndings of Epstein et al8 (64 vs. 55 years). We also
found age to be a signiﬁcant factor between failed and successful
extubation (68 vs. 61 years). In general, the risk for extubation
failure is greatest for medical patients. Only 5% of cardiothoracic,
general surgical, and trauma patients ultimately require reintuba-
tion compared with 15% of medical patients8,14. Our report also
showed that the rates of reintubation in medical and surgical
patients were 16.2% (103/636) and 5.5% (64/1158), respectively, and
still exhibited signiﬁcance after multivariate analyses. The possible
explanation might be related to the various comorbidities in
medical patients.
There is generally a favorable outcome for patients who tolerate
extubation for a minimum of 24 to 72 hours, with hospital
mortality rates below 15%4e6. In contrast, univariate analyses have
shown that the mortality rate associated with extubation failure
ranges from 2.5 to 10 times that experienced by successfully
extubated patients4,5,8. By using multivariate analysis, adjusting forTable 6
The comparison of outcomes between failed and successful extubation.
Items All (n¼ 1794) Failed extubati
ICU duration 7.4 8.4 (1e82) 15.2 12.5
Hospital duration 25.5 23.7 (1e276) 40.3 34.0
Tracheostomy 61 (3.4%) 36 (21.6%)
Hospital mortality 145 (8.1%) 76 (45.5%)
Cost (10,000 NTD) 32.3 30.1 (2.5e373) 52.3 41.1
Data are presented as mean SD (range) or n (%).
NTD¼New Taiwan dollars.severity of illness and comorbid conditions, Epstein et al8 indicated
an independent association between extubation failure and
mortality. We also displayed a 10-fold higher mortality rate after
failed extubation. There are several hypotheses to explain the
association between extubation failure and increased mortality
rate. Extubation failure may signal the severity of the underlying
illness. Alternatively, the increased mortality rate may be a direct
result of complications from reintubation. It may also be due to
clinical deterioration between the time of extubation and reintu-
bation or to the adverse effects of prolonged mechanical
ventilation.
Additionally, the elderly and the APACHE II scores were identi-
ﬁed as other factors predictive of hospital mortality. The aging
population, which represents the fastest-growing sector of the
general population in the Western world, is also rapidly increasing
in Taiwan. Elderly patients with critical illness often have signiﬁ-
cant functional limitations, and studies indicate that advanced age
is a risk factor for ICU death12,13,15,16. Ely et al13 showed that
mechanically ventilated patients 70 years of age with acute lung
injuries had 28- and 180-day mortality rates, which were nearly
twice those of younger patients. Champion et al15 reported that
trauma patients >65 years have higher fatality rates when
compared with non-elderly trauma patients. Epstein and Ciubo-
taru16 described age 65 years and higher APACHE II scores to be
independently associated with hospital mortality in the medical
ICU. The APACHE II score has been utilized in the prediction of
hospital mortality for critically ill patients17,18. Ho et al17 showed
the APACHE II score predicted hospital mortality for critically ill
patients better than other scores; Sevransky et al18 found that
higher APACHE II scores contributed to the higher fatality rates
observed in cases of sepsis-induced acute lung injury, more so than
the sepsis itself.
Multiple weaning parameters, such as MIP, MEP, MV, TV, RSBI,
ABG, and vital signs, have been investigated as possible predictors
of extubation outcome, but an evidence-based review by Meade
et al10 concludes that these indices have only limited utility. Our
study indicated these parameters are even less accurate predictors
of extubation outcome. The most accurate and well-studied test is
the RSBI, but even this parameter rarely leads to moderate or large
changes in the probability of success or failure. Although one study
found some beneﬁt in examining the RSBI at weaning trial19,
another found that serial measurements at 1, 30, and 120 minutes
did not help predict risk for extubation failure20. Our study
corroborated that those parameters did not have any contribution
to the prediction of successful weaning. We did not show ABG data
before extubation in patients who had successfully completed
a 0.5- to 2-hour T-piece trial, since measuring blood gases had not
been shown to accurately predict extubation outcome21,22. Alter-
natively, the monitoring of a vital sign (e.g., oxygen saturation,
blood pressure, and heart rate) before a T-piece trial may lack the
appropriate degree of sensitivity to detect early signs of
loadecapacity imbalance4. We did not display these data in the
study.on (n¼ 167) Successful extubation (n¼ 1627) p
6.6 7.4 <0.001
24.0 21.8 <0.001
25 (1.5%) <0.001
69 (4.2%) <0.001
30.4 28.0 <0.001
A.-C. Cheng et al.2105. Conclusion
Our study showed that patients with failed extubation
experienced signiﬁcantly increased ICU and hospital expen-
diture, increased tracheostomy, and higher hospital mortalityAppendix 1
Acute weaning and extubation protocol.rates. Many factors predicted failed extubation and hospital
mortality after planned extubation. In order to provide safe
patient care, physicians should consider the elderly high
risk for failed extubation and plan for possible adverse
events.
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Causes of respiratory failure.
Cardiac: congestive heart failure, pericarditis, primary cardio-
myopathy, acute myocardial infarction, bacterial endocarditis
Pulmonary: upper airway obstruction, acute respiratory
distress syndrome, chronic obstructive pulmonary disease, lobar
pneumonia, aspiration pneumonitis, asthma exacerbation, non-
cardiogenic pulmonary edema
Neurologic: status epilepticus, cerebral vascular accident,
intracranial hemorrhage, convulsion/seizure disorder
Gastrointestinal or hepatic: upper/lower gastrointestinal
bleeding, liver failure
Renal: acute renal failure, urinary tract infection
Others: drug overdose, diabetic ketoacidosis, sepsis, blood
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